made some tools directly for engineering but basically promoted the
development of other sciences, which, in turn, provided the foundations
for engineering principles and design. Mathematics and engineering now
interact directly, on a broader, deeper scale, greatly to the benefit of both
fields, and to technology. Here are six examples of the new pattern.

1.  Communication

A mathematical work that marks the beginning of this new era
is Norbert Wiener's classic paper, "Extrapolation, Interpolation and
Smoothing of Stationary Time Series." Its ideas and results grew out
of Wiener's work on gunnery problems during World War II, first ap-
pearing as a classified document which, because of its yellow cover and
impenetrability to engineers, was affectionately known as "The Yellow
Peril." Wiener's work, interpreted by his colleague, Norman Levinson,
blended with the pioneering work of Kolmogoroff in the Soviet Union
to form communication theory: the study of transmitting, coding, and
decoding messages over noisy channels. Their results dealt with contin-
uous signals and were augmented by the very different work of Claude
Shannon, the founder of information theory. This collective work found
significant application within the communications industry in areas as
diverse as analog and digital voice, data, and image transmission; signal
processing, in fields from radar interpretation to musical and physiolog-
ical data analysis; and in data processing itself.

But such developments inevitably have other, far-reaching conse-
quences. For example, the vast seismic oil exploration industry grew
directly out of applying the Wiener/Levinson results to design and con-
struction of equipment to filter noise and interpret seismic signals. Signal
processing has played a vital role in exploratory geophysics, as it has in
resolving bomb testing data, and in predicting earthquakes.

2.  Control

Recent years have seen a major extension of the calculus of varia-
tions by Bellman, Hestenes, Lefschetz, Pontrjagin, and others, leading to
the development of the theory of optimal control. A critical innovation
of Kalman's changed the paradigm for filtering by introducing matrix
Riccati equations. Optimal control with the Kalman filter played an es-
sential role in guidance and control in the Apollo Program. Continuous,
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